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Thr&E'DimenSional magnetic and electric current systems transversing through the solar atmosphere.
. within active regions. The research, in part, is the development of

Renderlng and Image software that will display pseudo soft x-ray

Analvsis Of Coronal LOOpS In the Sol_ar Physics Branch at Marshal!, images given magnetic field lines, density,
research is conducted on solar magnetic and temperature. The development process
fields and their physical associations and is as independent of specific models as

G. Allen Gary/ES82 effects in the photosphere, corona, and  possible to allow for many models in the

205-544-7609 interplanetary medium. Extensive efforts  final version. The crucial development here

E-mail: allen.gary@msfc.nasa.gov have been carried out in relating the MSFCis to provide an efficient computer

vector magnetograms to flare theories. Thisalgorithm that renders a three-dimensional
Since launch in 1991, the Japanese solar research continues this extremely useful volume into a two-dimensional image with
satellite Yohkoh has been revealing many research by describing the observed coronadequate quality compatible for analysis
new aspects of solar coronal physics: magnetic structures in the solar atmosphereand comparison with observations (e.g.,
coronal structures and dynamics, gigantic in relation to the observed photospheric ~ from soft x-ray telescope (SXT)/Yohkoh).
arcades formations, cusp-shaped flares, sofhagnetic field on the solar surface. The  The code will provide a systematic
x-ray jets, microflares, single-loop flares, photospheric field is derived from comparison between (1) observed coronal
and loop-loop interactions. MSFC was the magnetograms. Using this data and flux tubes and models, and comparison
management center for the Soft X-Ray observed x-ray images of the Sun, we are between (2) coronal flux tubes and their
Telescope (SXT) built by Lockheed for the developing general data analysis tools to bghotospheric footpoints. Using existing
ISAS (Institute of Space and Aeronautical used to produce the soft x-ray images by codes and scaling laws to determine the
Sciences) in Japan. MSFC involvement in reconstruction and using these images to coronal density and temperatures, and an
solar x rays and magnetic fields has been compare with data (fig. 171). The research instrument response code, one can deter-
extensive: Apollo Telescope Mount’s Solar objective is directed at the overall goal of mine theoretically the observed emission

X-Ray Telescope S-056, MSFC Solar being able to define the available free- characteristics for each volume cell (voxel).
Vector Magnetograph, MSFC and Stanford energy via the three-dimensional magnetic This analysis package is the major compo-
x-ray telescope rocket programs, High and electric current morphology nent of the research. With this software, the

Energy X-Ray Telescope, Soft X-Ray
Instrument, and Solar-B. This research is
extending this effort.

The objective of this research is to expand
MSFC's in-house capabilities by developing
innovative three-dimensional dynamic
displays, tools, and programs to simulate
gaseous configurations, interactions, and
dynamics through the rendering of
three-dimensional gaseous volumes into
two-dimensional images. Having these line
of-sight images allows the backward
interpretation of observations to obtain the
three-dimensional structure of the solar
phenomena. The main intention of the
research is to develop pseudo-imaging
techniques of soft x-ray emission to
compare with observations in order to
investigate the structure of the coronal Ficure 171.—A comparison of a soft x-ray image from the Japanese/American solar

magnetic field by analyzing the field line instrument SXT/Yohkoh (left) with a set synthesized coronal loops (right)
and emission characteristics. Data analysis is shown. The synthesized image was produced under the CDDF project.
techniques will be applied to the MSFC and Initial comparison of the results are promising in that the overall
Themis/France vector magnetograms and morphology of the images are similar. As more detail modelling is included
the Kitt Peak National Observatory the important physical parameters of the coronal plasma will be
longitudinal magnetograms to characterize established. The views shown here are a low resolution version of the

the spatial and temporal changes of original digital display.



backward interpretation can begin; that is objectives are assured through a thorough
having a two-dimensional image, the three-technical approach. The relevance of the

dimensional configuration can be inferred work to NASA's space physics program lies

and further studies of coronal temperaturesin the deeper understanding it will provide
emission characteristics, field modeling,  of the processes underlying the observed
footpoint and photospheric correspondencestructure of solar active regions, which are
will proceed. the main contributors to solar variability in
ultraviolet and x rays.
The description of the coronal magnetic
field is a key component in understanding Gary, G.A.: “Rendering Three-Dimensional
solar activity. Hence, this topics is in direct ~ Solar Coronal StructuresSolar Physics
support of flight- and ground-based vector 1996, accepted.
magnetograph programs which are specific
NASA programs and a focus of the
activities of the MSFC Solar Science
Branch. The results are of particular
importance to the mechanisms of solar
variability (MSV) and space-borne
magnetograph programs which are aimed dtalconer, F.A.; Moore, R.L.; Porter, J.G.;
understanding the physical cause of Gary, G.A.; Shimizu, T.: “Neutral-Line
variations in and from the Sun. The free Magnetic Shear and Enhanced Coronal
magnetic energy which drives much of the  Heating in Solar Active Regions.”
variation is directly connected to the Astrophysics Journall996, accepted.
magnitude of the electric currents and
heating in the solar atmosphere. To

Gary, G.A.: “Potential Field Extrapolation

Magnetogram With a Finite Field of
View.” Solar Physics163, 43, 1996.

Gary, G.A.; Démoulin, P.: “Reduction,
understand the dynamics of the x-ray Analysis, and Properties of Electric
imagery (e.g., from Yohkoh) one needs Current Systems in Solar Active

again to understand the electric currents (the Regions.”Astrophysics Journall995,
source of energy) and the coronal configu- 445, 982.

ration. The general analysis of the magnetic

structures and their associate electric Gary, G.A.; Rabin, D.: “Line-of-Sight
current systems will discriminate between  Magnetic Flux Imbalances Caused by
contending theoretical models. There is Electric Currents.'Solar Physics1995,
clearly a need for this analysis and relates to 157, 185.

observations from the MSFC vector

magnetograph and the development of the Gary, G.A.; Hagyard, M. J.: “Transforma-
next generation solar orbiting instruments.  tion of Vector Magnetograms and the
Problems Associated With the Effects of
Perspective and the Azimuthal Ambigu-
ity.” Solar Physics1990, 126, 21.

The research program is developing a
formal basis for deriving and investigating
solar magnetic structures and to obtain a
better physical understanding of these
results. MSFC magnetograms will be
analyzed extensively to characterize the Free Magnetic FieldsMemorie della
photospheric magnetic fields. The specific  Societa Astronomica Italiari990, 61,
strength of this research is that the scientific 457 .

investigation continues a strong program by

the Solar Physics Branch in the area of  Gary, G.A.: “Numerical Modeling Tech-
magnetic field analysis. These studies are of niques for Extrapolating Solar Vector
the highest scientific merit to solar physics  Magnetic Fields From the Photosphere.
and are fundamentally important to the Direct and Inverse Boundary Value
NASA Space Physics Program (e.g., Solar- Problems, eds. R. Kleinman, R. Kress,
B, Solar Probe, Solar Stereo Missions). The

Gary, G.A.: “Mathematical Basis for the
Extrapolation of Solar Nonlinear Force-

Research Programs

and E. Martensen (New York: Peter
Lang), 1991, p. 67.

Gary, G.A.; Musielak, Z.E.: “A Regulariza-
tion Method for Extrapolation of Solar
Potential Magnetic FieldsAstrophysics
Journal 1992, 392, 272.
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Educational Involvement: The MSFC
Student Volunteer Service Program (SVSP)
has provided useful research experiments to

Using Three Components of Solar Vectorlocal high school students.
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